). Glycosylation analysis shows that full-length pT and N-terminal cleavage fragments are glycosylated in an EndoH-sensitive manner. Panel (H) shows that elevated pT levels lead to appearance of a higher molecular weight form. Panel (I) shows that three chemically distinct proteasome inhibitors block degradation of pT N-terminally fragments.
relates to Figure 4 and contains additional data on the RHBDL4 substrates opsin-degron, polycystin-1N and the Prl-pT chimera. Panel (A) shows that knockdown of endogenous RHBDL4 significantly stabilizes the polytopic model ERAD substrate opsin-degron. Panel (B) shows that RHBDL4 cleaves polycystin-1N within luminal loops. Panel (C) relates to Figure 4D and shows that the pT TM degron and not the membrane attachment leads to cleavage by RHBDL4 Figure S3 relates to Figure 5 and contains additional data on the ubiquitinspecific substrate protease interaction. Panel (A) shows that the cytosolic domain of pT is important for efficient RHBDL4-catalyzed cleavage. Panel (B) shows that ectopic expression of gp78 wild-type increases ERAD of pT, whereas a catalytic mutant shows a dominant negative effect. Panel (C) validates the gp78 loss-of-function shown in Figure 5E . Panel (D) shows that ectopically expressed gp78 ubiquitinates pT. Table S1 provides a summary of the results from the candidate testing. (C) Doxycycline treatment (for 2 days) used in Figure 2C for induction of the RHBDL4-specific shRNA has no effect on turnover of pT in the parental analysis reveals that p97 binds to RHBDL4 independent of p97 activity. construct (IMAGE 5748161). The constructs encoding human EGF with the Spitz signal peptide followed by a FLAG3-tag had been described previously (Adrain et al., 2011) . The construct for pT-IRES-GFP was generated by subcloning pT-FLAG3 into pCDH-IRES-GFP (Meissner et al., 2011) . was used. The small hairpin RNA (shRNA) expression vector was generated by cloning the RHBDL4 targeting sequence 1 into pSUPERIOR.neo (OligoEngine) as described in the manufacturer's protocol. The sequences of all generated plasmids were verified by DNA sequencing.
Supplemental Experimental Procedures

Cell Lines and Transfection
Hek293T cells were grown in DMEM (Invitrogen) supplemented with 10% fetal bovine serum at 37 °C in 5% CO 2 . Transient transfections were performed using 25 kDa linear polyethylenimine (Polysciences) (Durocher et al., 2002) as had been described (Meissner et al., 2011) . Typically, 500 ng plasmid encoding substrate candidate and 100 ng plasmid encoding a rhomboid were 
Cycloheximide and Pulse-label Chase Experiments
Cycloheximide (100 µg/ml) chase was conducted 40 h after transfection of Hek293T cells and cell extracts were subjected to western blot analysis as described below.
For pulse-label chase experiments, 1.2 x 10 6 Hek293T-shRNA cells were seeded per 6-well and the RHBDL4-specific shRNA was induced by doxycycline (1 µg/ml) as indicated. To control for general doxycycline effects, with PBS then chased in normal growth medium. At the end of the chase period cells were rinsed with PBS and solubilized in 1% Triton X-100 followed by immunoprecipitation of FLAG-tagged proteins as described below.
Samples were analyzed by SDS-PAGE and labeled proteins were visualized by a FLA-7000 phosphorimager (Fuji). For quantification, we used the Multi Gauge software (Fuji) and data acquired from the FLA-7000.
Subcellular Fractionation
Subcellular fractions of cells transfected with RHBDL4 were prepared by cell disruption followed by differential centrifugation. In brief, cells were detached by PBS-EDTA and resuspended in isolation buffer (10 mM HEPES-KOH pH 7.4, 1.5 mM MgCl 2 , 10 mM KCl, 0.5 mM dithiothreitol, 10 µg/ml phenylmethylsulfonyl fluoride (PMSF), and each of 10 µg/ml chymostatin, leupeptin, antipain and pepstatin). After 10 min incubation at 4°C, cells were lysed by passing six times through a 27-gauge needle. Cellular debris and nuclei were discarded after centrifugation at 1,000 g for 5 min at 4°C. The supernatant was spun at 100,000 g for 15 min at 4°C. The membrane pellet was directly resuspended in SDS sample buffer (see below), whereas the supernatant was precipitated with 10% (w/v) trichloracetic acid, washed with acetone and resuspended in SDS sample buffer. Pure mitochondrial and ER fractions were isolated from untransfected Hek293T cells by a discontinuous sucrose gradient centrifugation according to (Bozidis et al., 2007) .
Reverse Transcription, Quantitative PCR and XBP1 Splicing Assay
Hek293T cells were lysed and total RNA was collected by extraction with NP40 and SDS as had been described (Gough, 1988) . PolyA mRNA was reverse-transcribed using the RevertAid First Strand cDNA Synthesis Kit For each quantitative PCR we obtained the slope value and linear range of standard curve of serial dilutions. All reactions were performed in triplicate.
GAPDH mRNA levels, a metabolic enzyme whose transcription is not regulated by ER stress, served as an internal normalization standard.
As UPR assay, cDNA was used as template for PCR amplification across the fragment of the XBP1 cDNA bearing the intron target of IRE1 ribonuclease activity (Yoshida et al., 2001 ). Primers used were 5'-CCTGGTTGCTGAAGAGGAG and 5'-CCATGGGGAGATGTTCTGG, leading to a 145 bp amplicon from unspliced XBP1 and a 119 bp amplicon from spliced XBP1. PCR conditions were: 95°C for 5 min; 95°C for 1 min; 50°C for 1 min; 72°C for 45 sec; 72°C for 5 min with 40 cycles of amplification. PCR products were resolved on a 2.5% agarose/1x TAE gel and stained with ethidium bromide.
Protein Purification
The GST-R4tail constructs were expressed in E. coli BL21(DE3) from the pGEX4T1 constructs and purified using glutathione-sepharose mM KOAc. Protein concentration was determined from a BSA standard curve using the BCA reagent (Pierce). The GFP specific single chain antibody fragment used for immunoprecipitations (see below) (Rothbauer et al., 2008) was expressed from the pQE70 construct in E. coli BL21(DE3) and purified by metal-chelate chromatography using high density nickel-agarose beads (ABT Agarose Beads Technologies) followed by gelfiltration using a HiLoad 16/60
Superdex 200 prep column (Amersham Biosciences) according to standard protocols.
In Vitro Ubiquitin Binding Assay
Purified ubiquitin (gift from Frauke Melchior) was coupled to NHS-activated sepharose beads with a concentration of 4 mg/ml slurry (Amersham Biosciences) and blocked upon quenching with BSA (0.5 mg/ml slurry). Görlich; monoclonal mouse Myc (9E19), monoclonal mouse opsin, polyclonal rabbit TRAM1 and polyclonal rabbit p97 antibodies were obtained from Bernhard Dobberstein. A polyclonal antibody specific for RHBDL4 was raised by immunizing a rabbit with recombinant protein comprising amino acid 238 to 315 of RHBDL4, which was released by thrombin cleavage of the GST tag from GST-R4tail. Affinity purification on GST-R4tail-sepharose beads (see above) was performed according to standard protocols. For immunoprecipitations, recombinant GFP-specific antibody fragment purified from E. coli (see above) was coupled to NHS-activated sepharose as had been described previously (Rothbauer et al., 2008) .
Immunoprecipitation and Proteomics
If not indicated differently, all steps were performed at 4 °C. For substrate trapping, RHBDL4-GFP expressing Hek293T cells were solubilized with 1%
Triton X-100 in IP buffer (50 mM HEPES-KOH, pH 7.4, 150 mM NaCl, 2 mM MgOAc 2 , 10% glycerol, 1 mM EGTA), containing 1xPI and 10 µg/ml PMSF.
Cell lysates were cleared by centrifugation at 20,000 g for 5 min and subsequently pre-incubated for 1 h on BSA-coupled sepharose beads. Anti-GFP immunoprecipitation was performed using a GFP-specific single chain antibody fragment coupled to NHS-activated sepharose beads as described (Rothbauer et al., 2008) . Immunoprecipitates were washed three times in IP buffer, containing 0.1% Triton X-100. The immunocomplexes were eluted in SDS sample buffer. For immunoprecipitation of endogenous RHBDL4, rough microsomes from Hek293T cells were solubilized in IP buffer, 1xPI and 1% digitonin, 2% CHAPS and 1% Triton X-100, respectively. Non-solubilized proteins were removed by centrifugation and RHBDL4 specific antibody was added together with protein A beads for overnight incubation.
Immunoprecipitates were washed three times in IP buffer containing 0.1% of the detergent used for solubilization and then resuspended in SDS sample buffer followed by SDS-PAGE and western blotting. For isolation of endogenous RHBDL4 interaction partners, Hek293 T-REx cells stably expressing RHBDL4-GFP were induced with 1 µg/ml doxycycline for 2 days.
Cells were harvested and solubilized with 2% digitonin. Immunoprecipitation using beads coupled GFP single chain antibody or BSA-blocked mock beads was performed as described above. Proteins were separated by SDS-PAGE and revealed by staining with colloidal Coomassie G-250. For mass spectroscopy (MS) analysis, co-purified protein with the apparent MW of 100 kDa was excised, and an in-gel trypsin digest was performed. Subsequently, the proteins were further reduced with DTT, alkylated with iodacedamide and digested with trypsin, which cleaves at the carboxylic side of arginine and lysine residues, using a Digest Pro MS liquid-handling system (Intavis AG, Cologne, Germany). Following digestion, tryptic peptides were extracted from the gel pieces and analysed by a nanoHPLC system (Eksigent, Axel Semrau GmbH, Sprockhövel, Germany) coupled to an ESI LTQ Orbitrap mass spectrometer (Thermo Fisher Scientific Inc., Waltham, MA). After data acquisition and processing, MS/MS data were searched against the NCBI non-redundant database using the Mascot software (http://www.matrixscience.com).
Western Blotting
Transfected cells, isolated membranes and purified proteins were solubilized in SDS sample buffer (50 mM Tris-Cl pH 6.8; 10 mM EDTA, 5% glycerol, 2% SDS, 0.01% bromphenol blue) containing 5% β-mercaptoethanol. All samples were incubated for 15 min at 65°C. For deglycosylation, solubilized proteins were treated with EndoH and PNGaseF (New Englad Biolabs) according to the manufacturer's protocol. Denaturated and fully-reduced proteins were resolved on Tris-glycine SDS-PAGE followed by western blot analysis using enhanced chemiluminescence to detect bound antibodies (Pierce). For detection, X-ray films or the LAS-4000 system (Fuji) were used. Data shown are representative of three independent experiments. For quantification, we used the Multi Gauge software (Fuji) and data acquired from the LAS-4000.
